change was noted, and it was realized that soils play a key role as a sink and source of greenhouse gases 23 (GHGs) (Bouwman 1990 , Scharpenseel, Ayoub and Schomaker 1990 , Jenny 1980 . A large number of 24 research projects have been initiated globally in which soil C is a key component, and there have been 25 some excellent reviews (Lal 2004 , Stockmann et al. 2013 , Melillo et al. 2011 ). Yet, there is a lack of focus 26 in soil C research in relation to current environmental challenges. Here we recommend research 27 priorities to advance the knowledge base and use of soil C in relation to global human and 28 environmental challenges: food and fiber production, water scarcity and purification, energy production, 29 climate change, biodiversity, recycling waste, and environmental degradation. We have listed the 30 priorities under three themes: (i) Soil C in space and time, (ii) Soil C properties and processes, and (ii) Soil 31 C depletion and management. 32 33
Soil C in space and time 34
Compared with other environmental components, soils are some of the most variable across space and 35 time and much understanding has been gained in the past decades about what causes variation and 36 2 how it can be modeled. Variation in soil types partly explains variation in SOC concentrations and pools 37 (Batjes 1996) , and the diverse range of factors that affect their magnitude and dynamics. Researchable 38 challenges in this theme include: measurement and monitoring across the landscape scale, depth 39 distribution of SOC in relation to land use and management, and up scaling from point scale to 40 landscapes, watersheds and larger extents (Minasny et al. 2013) . 41
Monitoring of SOC across landscape units and over time is crucial for the assessment of spatial 42 and temporal variations in SOC pools and fluxes. Such monitoring programs should be carefully designed 43 and once started should be conducted in the long-term (e.g. over a generation or more). Data from the 44 combining remote sensing data with plot information as a basis for modeling on the landscape level, or 97 combining molecular information with micro-and macro-structural data to elucidate the accessibility of 98 reactive surfaces. 99
Soil C depletion and management 101
The management of SOC is essential for sustaining food production (Bauer and Black 1994) but many 102 soils of agroecosystems have been depleted of their antecedent SOC pool. There is a need to replenish 103 SOC to above a critical level depending on the soil type, climate and ecosystem. Key research questions 104 in raising SOC levels are the use efficiency of inputs (fertilizer, water etc.), gains in biomass productivity 105 per unit increase in SOC pool, and the impact of management on the rate of change in the SOC pool of 106 the root zone. The impact of no-till (NT) farming or conservation agriculture, especially with regard to 107 depth distribution of SOC pool and impact of residue management and its placement in the soil, need to 108 be researched under site-specific conditions. There are several technologies that can be used to 109 potentially increase the SOC pool (NT, mulch, cover crops, agroforestry, deep-rooted species, biochar, 110 etc.) and the choice of specific techniques depends on biophysical, social and economic factors. 111
Whereas the adoption of conservation agriculture is useful in soils prone to erosion, not all soils are 112 suitable for it, and there are also constraints to its adoption by resource-poor land holders in developing 113 countries (Chivenge et al. 2007 ). Competing uses of crop residues (e.g., feed, fodder, fencing and 114 construction material, cooking fuel) are major considerations. 115
Trading of soil C credits or farming soil C could create another income stream for the resource-116 poor farmers, and promote the adoption of best management practices which restore the depleted soil 117 C pool, enhance soil systems functioning and strengthen provisioning of essential ecosystem services. In 118 this context, a protocol must be developed to trade C credits in voluntary or regulatory markets using a 119 fair price of soil C based on its true societal value. The latter must be based on incremental increase in 120 essential ecosystem services provisioned by sequestration of atmospheric CO2 in the soil. 121 Table 1 At last, there is a need to incorporate more detailed soil information in climate models. This is 128 currently lacking in part because data on soil information is not readily available or compatible with 129 model needs, and in part because the climate modeling community is not well-linked to the soil science 130
community. This has improved in recent years (Arrouays et al. 2014 ) but there remains scope for 131 increased interaction and cooperation. There may also be scope for linkages to other disciplines and the 132 microbial ecology community is such an example. Microbes strongly influence processes underpinning C 133 models ,and their activity is largely influenced by soil conditions. 134 Table 1 . Priorities for soil C research, and its relevance to global environmental challenges and ecosystem services (1: food and fibre production; 2: water scarcity and purification; 3: energy production; 4: climate change; 5: biodiversity; 6: recycling waste; 7: environmental degradation) Main Standardizing sampling methods 1-7
Development of proximal soil sensors for C analysis 1-7
Assessment of SOC at depths below the topsoil 4, 6, 7
Contribution of soil inorganic C to C sequestration potential 4
Upscaling from pedon and field measurements to regional, national and contintental scales 
